Abstract. The aim of the present study was to explore use of the acridine orange fluorescence (AO-F) staining method for screening of circulating tumor cells (CTCs) in renal cell carcinoma (RCC) patients. The AO-F positive staining rate of live and dead tumor cells was calculated. The positive staining rate in the live group was 93.4±3.0%, while the dead group failed to emit specific fluorescence. A known number of tumor cells were added to peripheral blood, and the detection sensitivity of the four groups (50, 100, 200 and 500 cells/tube) was 10.2±3.8, 9.2±2.3, 10.8±2.6 and 10.5±1.9%, respectively. The average detection sensitivity of the four groups was 10.16±2.73%. There was a positive correlation between the number of cells that was positively stained with AO-F and the total number cells in the system (χ 2 =0.959; P<0.001). Subsequently, the AO-F staining method was used to detect positive staining cells in 8 healthy volunteers (control group), and 112 non-metastatic and 27 metastatic RCC patients. The positive staining rate was 13.67% (19/139) in RCC patients, while none of the control group was positive. The AO-F positive staining rate was not significantly different between the metastatic and non-metastatic patients according to age, gender, the pathological pattern, T2/3 (according to the Tumor-Node-Metastasis classification) or Fuhrman grade, while there was a significant difference according to T1. The positive staining rate was 8.93% (10/112) for non-metastatic patients and 33.33% (9/27) for metastatic patients, which showed a significant difference (P<0.05). In 112 non-metastatic and 27 metastatic patients, the positive staining rate was not significantly associated with gender, age, tumor size, the pathological pattern, T classification, Fuhrman grade, the presence of a lesion or metastasis to the lungs. The present study demonstrated that the method of CTC staining with AO-F, which has high reproducibility and specificity, was feasible for identifying CTCs and warrants further study.
Introduction
In total, 90% of renal cell carcinoma (RCC)-related mortalities result from metastasis and invasion (1) . Surgery is the cornerstone treatment for RCC, as it is insensitive to radiotherapy and chemotherapy. RCC lacks specific biomarkers, such that it is difficult to diagnose and predict recurrence or metastasis (2) . Therefore, research on novel markers is among the most active areas in RCC science. Circulating tumor cells (CTCs) are malignant cells derived from primary lesions that invade into the circulatory system; they are distributed throughout the body and eventually form micro-metastatic deposits (3) . CTCs, which can indicate prognosis and reveal the behavior of tumor metastasis, instruct clinically individualized treatment and are the focus of oncology research (4) (5) (6) .
To date, many methods have been used to detect CTCs, although a recognized gold-standard method is still lacking. For decades, the acridine orange fluorescence (AO-F) staining method has been applied to the analysis of hydrothorax, ascites and urine and other body fluids, and it is considered a unique liquid biopsy technique (7) (8) (9) . As a result of its high specificity, reproducibility and low cost (10, 11) , clinical doctors have approved the clinical application of the AO-F staining method to the auxiliary diagnosis of tumors and follow-up.
The present study explored the development of a novel AO-F staining method for monitoring prognosis and metastasis via the detection of CTCs, and further validated its clinical significance in RCC patients.
were collected from the patients from September 2013 to June 2015. The non-metastatic patients had not accepted any other treatment for 2 months following a radical nephrectomy. The metastatic patients had sufficient clinical or radiographic evidence to prove that their tumors had metastasized, and had not accepted any standard treatments. A further 8 healthy volunteers (aged 26-79 years; average age of 50.10±16.88 years) recruited online formed the control group.
Cell culture. Fresh canary yellow tumor tissues (≥10 g) were collected from each of six patients who were confirmed by pathological diagnosis as having clear cell RCC (CCRCC). The tissues were rinsed with PBS and cut into pieces. Single cell suspensions were prepared by enzymatic digestion with pancreatic enzymes. Cells were cultured in RPMI-1640 medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 20% heat-inactivated fetal bovine serum (FBS; Thermo Fisher Scientific, Inc., ) and 1% streptomycin/penicillin at 37˚C and 5% CO 2. Following three passages, primary tumor cells were obtained. Simultaneously, the renal cell line 769-P (American Type Culture Collection, Manassas, VA, USA) was cultured in RPMI-1640 medium supplemented with 10% FBS and 1% streptomycin/penicillin at 37˚C and 5% CO 2 . Cells were centrifuged at 401 x g for 10 min at 37˚C, and then counted under an inverted microscope upon being stained with 4% Trypan blue dye.
Establishment of the CTC model. Dead tumor cells were prepared by heating the 769-P cells at 75˚C for 30 min in a water bath. Live tumor cells were treated with PBS. The two groups of cells (live and dead) were suspended and diluted with PBS progressively to 10, 50, 100, 200 and 500 cells/tube. The cells in each tube were mixed with 10 6 nucleated cells to evaluate the specificity and reproducibility of the AO-F staining method. Next, the cells were centrifuged at 750 x g for 15 min at 37˚C, and fixed at 37˚C for 30 min with a mixture of glacial acetic acid, chloroform and dehydrated alcohol at a 1:3:6 ratio. Sediments were dropped onto slides and stained with AO-F, and the positive staining rates of the live and dead cells were calculated. The positive staining rate was estimated by counting the number of AO-F-positively stained cells in 100 cells under five random microscopic visions (magnification, x200). A total of 5 ml fasting blood was obtained from the control group to enrich the number of nucleated cells. 769-P cells were suspended and diluted with PBS progressively to 10, 50, 100, 200 and 500 cells/tube. The cells in each tube were mixed with 10 6 nucleated cells to evaluate the specificity and reproducibility of the AO-F staining method. The suspension was loaded onto slides and stained with AO-F. The abovementioned procedures were repeated 4 times.
Clinical trial. A total of 6 ml fasting blood was drawn from 112 non-metastatic patients 2 months after the radical nephrectomy and from 27 metastatic patients once metastasis after radical nephrectomy had been confirmed. All blood samples were processed in the following way: Red blood cells were lysed with Red Blood Cell Lysis Buffer (Wuhan Boster Biological Technology, Ltd., Wuhan, China), and the samples were fixed at 37˚C for 30 min, smeared and stained with AO-F. A total of 10 slides were prepared for each 6-ml sample.
AO-F staining. The slides were soaked in AO-F solution (0.01%) for 3 min and washed with PBS, then immersed in calcium chloride solution for 3 min and rewashed with PBS. The slides were mounted for observation under a fluorescence microscope.
Outcome interpretation. There is no accepted standard for the AO-F staining method. The following classification was used in the present study: i) For AO-F-positively stained cells (live cells), the volume of the cells and nuclei were increased, the shape of the nuclei varied and the nuclei were bright yellow, with the cytoplasm a flame-like orange; and ii) for AO-F-negatively stained cells, the nuclei of leucocytes or dead tumor cells were green, while the cytoplasm was not colored. Some abnormal cells were observed on the slides and whether they were leucocytes or tumor cells was uncertain; these cells were considered negative. According to cellular morphology and cytochemistry, it was decided whether cells were positive or negative. All the slides were judged by two blinded pathologists, and by a third pathologist if the result was inconsistent.
Statistical analysis.
All results are presented as the positive rate, and the differences in the positive rates between different groups were analyzed by one-way analysis of variance. Comparisons of the groups for enumeration data were 
Results

Characteristics of cells in the primary culture.
Tumor tissue was collected from 6 patients with CCRCC, and primary tumor cell cultures were successfully established for 2 of the 6 CCRCC cases. Thus, the success rate was 33.33%. The cells grew well and fast, were varied in size and shape, and were diverse in terms of the nuclear-cytoplasmic ratio. The nuclei had apparent atypia (Fig. 1 ). Fig. 2A shows the live tumor cells. Nuclei of the primary tumor cells or 769-P cells were bright yellow, and the cytoplasm was a flame-like orange. Fig. 2B shows the dead primary tumor cells or dead 769-P cells. The nuclei of the dead cells were bright green and the cytoplasm was not a flame-like orange. The positive staining rate in the live cell group was 93.4±3.0% (Fig. 3 ). The dead cell group did not show any positive AO-F staining.
AO-F staining characteristics of cells in the live and dead tumor cell groups.
Specificity and reproducibility of the AO-F method.
The detection sensitivity was calculated as the ratio of the number of AO-F positively stained cells to the number of total cells in the system. The detection sensitivities of the four groups (50, 100, 200 and 500 cells/tube) were 10.2±3.8, 9.2±2.3, 10.8±2.6 and 10.5±1.9%, respectively. No significant difference was found among the four groups (F=1.001; P>0.05). The average rate in the four groups was 10.16±2.73%. The quality control chart of the rate is presented in Fig. 4 . The more cells that were added into the blood, the more AO-F-positive cells that were recovered. AO-F-positive cells were also detected when 10 cells were added to the blood.
Application of the AO-F staining method to patients and the control group. Fig. 5A shows images of the AO-F-negative cells from the 8 controls and 120 of the 139 cases in which CTCs were not detected. Two types of cells can be seen in Fig. 5B , which shows images of the cells in 19 of the 139 cases. One type was mainly AO-F-negative cells, while the other was AO-F-positive cells. The AO-F positive staining rate in the peripheral blood of each group has been shown in Table I .
Association between patient characteristics and positive-staining rate in non-metastatic and metastatic patients.
The positive staining rate was 13.67% in 139 patients with RCC, and it was not significantly associated with gender, age, tumor size, the pathological pattern, T classification or Fuhrman grade (P>0.05). However, there was a significant correlation between the positive rate and metastasis (Table II) . In 112 non-metastatic and 27 metastatic patients, the positive staining rate was not significantly associated with gender, age, tumor size, the pathological pattern, T classification, Fuhrman grade, presence of a lesion or metastasis to the lungs (P>0.05; Tables III and IV). The positive staining rate was 8.93% (10/112) in non-metastatic and 33.33% (9/27) in metastatic patients, which was significantly different (P<0.05; Table V) .
Comparison of the AO-F positive-staining rate (%) in 112
non-metastatic and 27 metastatic patients. The AO-F positive staining rate showed no significant difference between non-metastatic and metastatic patients according to age, gender, the pathological pattern, T2/3 classification or Fuhrman grade, while a significant difference was found between the metastatic and non-metastatic patients with a T1 classification (Table V) .
Discussion
RCC is one of the most common tumors of the urinary system and metastasis is the main reason for mortality following a radical nephrectomy. The key step in metastasis is initiated by CTCs, which are shed from the primary lesions, invade into the circulatory system, proliferate and form metastases under appropriate conditions (2, 12) . Therefore, it is important to monitor the recurrence and metastasis once CTCs have been detected in the circulatory system (13, 14) . Bluemke et al (15) demonstrated that CTCs are an independent prognostic factor that correlates with metastasis. The CELLSEARCH ® System, which was approved by the Food and Drug Administration, has been widely used to monitor disease progression in breast, colorectal and prostatic carcinomas by detecting biomarkers to identify CTCs (16) (17) (18) . However, it is limited when applied to RCC patients, whose tumor cells lack a specific biomarker after invading into the circulatory system from primary lesions (19) . Therefore, it is necessary to develop a novel method to predict recurrence or metastasis in RCC.
The AO-F staining method is a kind of unique liquid biopsy technique that has been used in a wide variety of microbiological and oncological fields, including microorganism, parasite, bacteria and tumor cell research (20-23). Duan et al (24) observed that that the AO-F dye was unable to label monodansylcadaverine-labeled autophagic vesicles with rims decorated with light chain 3 (25) , an autophagy related lipidation, when nitric oxide was depleted in estrogen receptor-positive MCF7 breast cancer cells. Citterio et al (26) evaluated cell viability using the AO-F staining method in Saccharomyces cerevisiae. Li et al (8) demonstrated that high-grade upper urinary tract urothelial carcinoma could be predicted through urinary cytology with AO-F staining. Furthermore, in another study, AO-F could specifically combine with DNA and RNA in different ways to produce different fluorescence (27) . The fluorescence intensity of AO-F is dependent on the quantity of DNA in the cell nucleus and RNA in the cytoplasm. AO-F technology could integrate two characteristics of cells, morphology and chemistry, to determine whether the cells are benign or malignant in the absence of a suitable biomarker. The metabolism of CTCs tends to be vigorous, and the activity of their DNA or RNA polymerases is higher than that of leucocytes. Therefore, their DNA or RNA content is significantly increased, thus CTCs could be distinguished from leucocytes under a fluorescence microscope (28) .
In the present study, the positive staining rate in the live cell group was 93.4±3.0%, which revealed that the AO-F dye was highly sensitive for tumor cells in the live cells group, but not in the dead cells group. Subsequently, a CTC model was established, which demonstrated that the AO-F positive staining rate in the four groups (50, 100, 200 and 500 cells/tube) was not significantly different, and that it would not change along with the number of tumor cells in the peripheral blood. The recovery rate of AO-F-positively stained cells was relatively low. In a previous study, a high recovery rate (>80%) was achieved with defined numbers of MCF-7 and HepG2 cancer cells using a microsieve lab-chip device, which had the potential value of allowing rapid enumeration of CTCs using fluorescence in situ hybridization for cancer metastasis analysis (29) . As one of the most efficient immunomagnetic isolation technologies, bio-ferrography had a significant recovery rate of >95% when isolating 100 CTCs that were highly positive for epidermal growth factor receptor from 1 ml whole blood (30). Yusa et al (31) used the technology of a three-dimensional palladium filter to isolate CTCs, and >85% of tumor cells were recovered in cell spike experiments. The sensitivity of this method was inferior to that of the method used in the present study, as reported previously (27, 28) . Various steps, including centrifugation, counting, and rinsing, as well as the inherent characteristics of AO-F, such as the weak photostability of free AO-F, may cause cell loss to varying degrees (32) . Furthermore, the present study found a positive correlation between the number of AO-F-positive cells and the total number of cells in the system. AO-F-positive cells were not found in the 8 blood samples from healthy volunteers. Therefore, although the AO-F staining method could cause cell losses, the results of the present study suggested that this method had the advantages of high reproducibility and specificity.
The present study applied the AO-F staining method to 139 patients with RCC, and the positive staining rate was 13.67%. Of the 139 cases, 112 were without distant metastasis and 27 were with distant metastasis, with a ratio of 4.15:1. The positive staining rate was not significantly associated with gender, age, tumor size, the pathological pattern, T classification or Fuhrman grade in the 139 patients with RCC. The positive staining rate was 8.93 and 33.33% in 112 non-metastatic and 27 metastatic patients, respectively, and there was a significant difference between them. The result that the positive staining rate of CTCs was associated with metastasis was consistent with previous studies (30, 31) . Rossi et al (33) used CTCs to predict responses to sunitinib in metastatic RCC, and demonstrated that the presence of CTCs was associated with distant metastasis. Tanaka et al (34) analyzed 94 primary lung cancer patients without distant metastasis and 31 primary lung cancer patients with distant metastasis using the CELLSEARCH ® System, and found that there was a significant difference in CTC counts between them and demonstrated that CTCs were the main indicator of distant metastasis. However, the diagnostic significance of CTCs was controversial in various previous studies (13, 32, 33) , and its value requires further investigation.
In the present study, the presence of CTCs was not significantly associated with age, gender, tumor size, the pathological pattern, T classification or Fuhrman grade in 112 non-metastatic patients. Bluemke et al (15) and McKiernan et al (35) also reported that there was no correlation between the presence of CTCs and tumor size in RCC. However, Pinzani et al (36) demonstrated that the messenger RNA levels of tyrosinase, which can be taken as an indirect parameter correlated to the number of CTCs, were significantly correlated with tumor dimension and disease-free and overall survival through reverse transcription-quantitative polymerase chain reaction analysis of blood from 41 patients with uveal melanoma. In the present study, there was no correlation between the positive staining rate and age, gender, tumor size, the pathological pattern, T classification, Fuhrman grade, presence of a lesion or metastasis to the lungs in 27 metastatic patients. However, Tanaka et al (34) also reported that the detection level of CTCs in lung cancer was higher as the degree of malignancy increased. The above result is inconsistent with the results of the present study. The different detection levels of CTCs associated with different pathological patterns may result from the sample size and various origins of the tumor. According to the present results, clinical stage and Fuhrman grade appear to be important in therapy and prognosis. However, in the present study, AO-F positively stained cells were found regardless of the tumor size (T1, T2, T3 and T4) or Fuhrman grade (GI, GII, GIII and GIV). The AO-F positive staining rate was not significantly different between the non-metastatic patients and metastatic patients according to age, gender, the pathological pattern, T2/3 classification or Fuhrman grade, while a significant difference was found between the metastatic and non-metastatic patients with a T1 classification. This needs to be verified further. El-Naggar et al (37) demonstrated that RNA was a valuable index in the pathological assessment of RCC, and that there was a correlation between a higher proliferative index and DNA aneuploidy in RCC by AO-flow cytometric analysis. In the present study, there were no clinical symptoms or imaging data to support metastases or recurrence in the 112 non-metastatic patients, although AO-F positive cells were detected in these patients. Although AO-F positive staining did not always mean that metastasis has occurred, the possibility of metastasis or recurrence was higher in patients with positively stained cells than in those with negatively stained cells. Smerage et al (38) demonstrated that the presence of CTCs was an adverse prognostic factor in the Southwest Oncology Group S0500 clinical trial of breast cancer. In some cases, the maximum number of CTCs appeared in circulation during the early stage of tumor development (39) . A recent mathematical model was developed by El-Naggar et al (37) to estimate the tumor size and the CTC load prior to the formation of the first metastasis from a primary breast cancer tumor. The results confirmed the early appearance of CTCs in small primary tumors prior the formation of the first metastasis, which has been confirmed in both epithelial and non-epithelial tumors (40) . It is well known that metastasis is a late event in cancer progression, and that there is quite a long period from the appearance of CTCs to the formation of metastases (41); thus, early intervention may effectively control metastasis. It was shown that 66.66% of patients with metastatic RCC had no AO-F-positive cells. This may have been due to fluctuations in the rate of CTC release into the blood, the sample volume or inherent characteristics of AO-F. Furthermore, the number of CTCs alter from individual to individual and at different points in time due to the constructional and functional heterogeneity of cancer, the physical state of the host and their dynamic variation during disease progression (42) (43) (44) (45) . Although the detection of CTCs may be useful for predicting the recurrence and prognosis of RCC, the particular mechanisms are not currently clear.
In conclusion, the present study demonstrated that the AO-F staining method was able to identify CTCs, and may be used to screen for CTCs in high-risk patients to assist clinical treatment and diagnosis. It also had the advantages of convenience, less-invasiveness and lower costs (11, 46) . Therefore, the AO-F staining method is worthy of further research. 
